Accurate determination of leucine and valine side-chain conformations using U-[15N/13C/2H]/[1H-(methine/methyl)-Leu/Val] isotope labeling, NOE pattern recognition, and methine Cgamma-Hgamma/Cbeta-Hbeta residual dipolar couplings: application to the 34-kDa enzyme IIA(chitobiose).
An isotope labeling scheme is described in which specific protonation of methine and methyl protons of leucine and valine is obtained on a 15N/13C labeled background with uniform deuteration of all other non-exchangeable protons. The presence of a protonated methine group has little effect on the favorable relaxation properties of the methyl protons of Leu and Val. This labeling scheme permits the rotameric state of leucine side-chains to be readily determined by simple inspection of the pattern of Hgamma(i)-H(N)(i) and Hgamma(i)-H(N)(i+1) NOEs in a 3D 15N-separated NOE spectrum free of complications arising from spectral overlap and spin-diffusion. In addition, one-bond residual dipolar couplings for the methine 13C-1H bond vectors of Leu and Val can be accurately determined from an intensity J-modulated constant-time HCCH-COSY experiment and used to accurately orient the side-chains of Leu and Val. Incorporation of these data into structure refinement improves the accuracy with which the conformations of Leu and Val side-chains can be established. This is important to ensure optimal packing both within the protein core and at intermolecular interfaces. The impact of the method on protein structure determination is illustrated by application to enzyme IIA(Chitobiose), a 34 kDa homotrimeric phosphotransferase protein.